Abstract: This study evaluated the ability of ions from a non-alcoholic calcium hydroxide-propolis paste to diffuse through dentinal tubules. Thirty-six single-rooted bovine teeth were used. The tooth crowns were removed, and the root canals were instrumented and divided into 3 groups: Group 1 -calcium hydroxide-propylene glycol paste; Group 2 -calcium hydroxide-saline solution paste; Group 3 -calcium hydroxide-propolis paste. After the root canal dressings were applied, the teeth were sealed and placed in containers with deionized water. The pH of the water was measured after 3, 24, 72 and 168 hours to determine the diffusion of calcium hydroxide ions through the dentinal tubules. All of the pastes studied promoted the diffusion of calcium hydroxide ions through the dentinal tubules. Associating propolis to calcium hydroxide resulted in a pH increase, which occurred with greater intensity after 72 hours. The calcium hydroxide-propolis paste was able to diffuse in dentin.
Introduction
One of the most important factors for successful endodontic therapy is complete root canal cleaning. 1 The difficulty involved in eliminating microorganisms, as well as their residual presence, warrants the use of root canal dressings after biomechanical preparation. 1 An adequate root canal dressing should have an antimicrobial potential, [2] [3] [4] the ability to diffuse through dentinal tubules, 1, 3, 4 biocompatibility, 3, 4 and, if possible, the ability to stimulate repair. 3, 4 Calcium hydroxide is one of the main root canal dressings used in Endodontics. It is a white, odorless powder, with low solubility in water, insolubility in alcohol, and a high pH. It also has extended clinical action. Moreover, it is biocompatible, has antimicrobial and anti-inflammatory action, and activates the alkaline phosphatase enzyme, which induces mineralized tissue formation and acts in the repair process. 4 It is chemically classified as a strong base, and its association with an adequate vehicle yields an alkaline paste. 4 The success of calcium hydroxide paste as a root canal dressing is related to its dissociation into calcium and hydroxyl ions. The hydroxyl ions alkalinize the environment. 4 To be effective, the hydroxyl ions should be able to diffuse in dentin and remain in pulp tissues in a sufficient concentration to produce the pH level required to destruct bacteDeclaration of Interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
Braz Oral Res., (São Paulo) 2012 Jul-Aug;26(4):318-22 ria inside the root canal and dentinal tubules. 4 The antimicrobial action of calcium hydroxide and its ability to contain root resorption are related to this alkalizing action, which, in turn, is a consequence of its ionization into hydroxyl ions. 4, 5 The action of these ions on tissues and bacteria explains the biological and antimicrobial properties of calcium hydroxide. 4 Calcium hydroxide must be associated to a vehicle to be used as a paste. 4 Such vehicles include olive oil, propylene glycol, saline, distilled water, and others. 1, 4, [6] [7] [8] Lage-Marques et al. 8 conducted a study to evaluate the rate of ionic dissociation of calcium hydroxide associated to different vehicles-aqueous, viscous, and oily-and concluded that aqueous and viscous vehicles are better suited for paste use.
Propolis has been used in popular medicine for thousands of years because it is considered one of the most effective natural products discovered so far. In dentistry, propolis has been used to control the oral microbiota, e.g., in dentifrices. 9 Propolis is dark in color. It is produced from material collected from plants by bees and used by them against pathogenic microorganisms.
10 Its anti-inflammatory properties have been described to act mainly against infection, rheumatism, torsions, muscular and articular diseases, as well as other types of inflammation. 10, 11 In addition to its antibacterial and anti-inflammatory action, propolis promotes tissue reorganization. 10 It is also biocompatible with pulp tissue 11 and exerts antimicrobial action against endodontic pathogens.
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The chemical composition of propolis varies richly: Over 200 substances have been identified in the different propolis varieties from different geographical regions, including phenolic acids, flavonoids, esters, aromatic aldehydes, alcohols, amino acids, fatty acids, vitamins and minerals.
14 Special emphasis should be given to the flavonoids and phenolic acids, greatly responsible for the biological activity of propolis. 14, 15 Owing to the antimicrobial and anti-inflammatory properties of propolis, its association with calcium hydroxide has been suggested for use as a root canal dressing. De Rezende et al. 16 evaluated two propolis pastes (with and without alcohol) associated to calcium hydroxide. Even though both pastes were found to display antimicrobial action, the nonalcoholic paste produced greater inhibition halos than the paste with alcohol. Considering the antimicrobial potential of a propolis-calcium hydroxide association, it becomes important to determine how well such a paste can promote the diffusion of ions through dentinal tubules, an attribute essential to the therapeutic effect of any calcium hydroxide paste.
The aim of this study was thus to evaluate the diffusion ability of ions from a non-alcoholic calcium hydroxide-propolis paste through dentinal tubules, compared to that of calcium hydroxide pastes prepared with saline or propylene glycol.
Methodology
This study was approved by the Institutional Review Board, Araçatuba Dental School, State University of São Paulo -UNESP (Process FOA 06021/2010).
Initially, 36 extracted single-rooted bovine teeth were kept in a 10% formaldehyde solution (FarmaTicli Indústria Farmacêutica, São Paulo, Brazil). Next, the soft tissues and dental calculus that remained adhered to the root were removed with dental scalers (Trinity, São Paulo, Brazil), after which the teeth were stored in saline solution (Farmax, Divinópolis, Brazil).
Then, the crowns were transversally sectioned with a carborundum disc (Microdont, São Paulo, Brazil), at the cementoenamel junction level.
Root canal length was measured by inserting a #30 K-file (Maillefer Instruments, Ballaigues, Switzerland) with a rubber stop. When the file tip reached the apical foramen, the stop was leveled to the cervical edge of the root and the canal length was recorded.
The working length was established by subtracting one millimeter from the total root canal length. Apical preparation was performed up to this limit, up to file #80, followed by a step-back instrumentation up to file #120.
The root canals were irrigated with distilled water throughout the instrumentation procedure with the aid of a Luer-Lock syringe (Duflex -S.S. White Artigos Dentários Ltda., Rio de Janeiro, Brazil) and a # 30 × 4 irrigation cannula (BD -Becton Dickinson Indústrias Cirúrgicas Ltda., Rio de Janeiro, Brazil).
After instrumentation, a #30 file was inserted to the total working length for apical cleaning, and the root canal was filled with an EDTA solution (Biodinâmica, Ibiporã, Brazil) for 3 minutes. After this period, the root canals were rinsed with saline solution and dried with absorbent paper points (Dentsply, Petrópolis, Brazil).
The teeth were randomly divided into 3 groups according to the following calcium hydroxide pastes used to fill the canals:
• Group I (n = 12): calcium hydroxide-propylene glycol paste, prepared by mixing 1 g of calcium hydroxide (Biodinâmica Química e Farmacêutica LTDA, Ibiporã, PR, Brazil) and 2 ml of propylene glycol (Odontofarma, Londrina, PR, Brazil);
• Group II (n = 12): calcium hydroxide-saline paste, prepared by mixing 1 g of calcium hydroxide and 1.5 ml of saline solution;
• Group III (n = 12): calcium hydroxide-propolis paste, prepared by mixing 1 g of calcium hydroxide and 2 ml of propolis without alcohol (Apis Flora, Ribeirão Preto, SP, Brazil).
Complete filling of the root canals was checked by having the solution overflow through the apical foramen and flow back through the root canal opening. After complete filling of the root canals, their openings were sealed with temporary cement (Cimpat-Septodont, Louisville, USA). The apical foramen and root canal openings (over the temporary cement) were sealed with epoxy resin (Araldite  -Maxepoxi Industrial e Comercial Ltda., São Paulo, Brazil). Next, the teeth were placed in containers with 50 ml of deionized water (pH = 6.17) and kept in an oven at 37°C, with 100% humidity.
After 3, 24, 72 and 168 hours, the pH values of the solutions in the flasks were measured with a pH meter (Hanna Instruments Brasil Copyright, São Paulo, Brazil), calibrated with standardized solutions at pH 4.0 and 7.0. Twelve measurements were performed for each group/period. For each measurement, the electrode of the pH meter was carefully rinsed with deionized water and dried with absorbent paper to eliminate any residues that could interfere with the measurements.
The data was recorded in tables and the differences between groups and periods were statistically analyzed by the Tukey test, at a significance level of 5%. Group 1 (propylene glycol) showed a mean pH of 7.992 three hours after preparing the paste and inserting it into the root canal. A significant pH reduction with time (p < 0.05) was observed in this group (Table 1 ). Group 2 (saline) reached a mean pH of 7.675 and 7.692 respectively after 3 and 24 hours. There was no significant pH difference between these two timepoints. However, there was a significant pH reduction (p < 0.05) after 72 and 168 hours, as observed in Table 2 .
Results
The pH in Group 3 (propolis) varied with time, with a greater pH increase (p < 0.05) observed between 24 and 72 hours ( Table 3) .
The pH in group 1 was higher than that observed in the other groups (p < 0.05) after 3 hours. Group 3 showed the lowest pH (p < 0.05) among the groups after 24 hours. Group 3 showed a pH higher than that observed in Group 2 after 72 hours (p < 0.05). Finally, there was no pH difference among the groups after 168 hours, as shown in Table 4 , demonstrating that all pastes were able to diffuse through the dentinal tubules and that this ability did not change over time.
Discussion
The successful use of a calcium hydroxide paste as a root canal dressing is related to its dissociation into calcium and hydroxyl ions, the latter being responsible for alkalizing the environment. 1 The high pH of calcium hydroxide mitigates the inflammatory process, 4 and its release of hydroxyl ions makes it an excellent antibacterial agent. 4 Calcium hydroxide must be associated to a vehicle to be used as a paste, and this vehicle determines its rate of dissociation into ions and diffusion through the dentinal tubules. Additionally, the vehicle influences how well the paste can become soluble and be resorbed into the apical tissues. 4 The vehicle may also bear on the effectiveness of the calcium hydroxide paste owing to its influence on ionic dissociation and diffusion. 4 Lage-Marques et al. 8 concluded that calcium hydroxide pastes in aqueous and viscous vehicles are more effective than those in oily vehicles because the former reach higher pH levels more quickly and remain stable for a longer period of time. Other authors have also reported the greater effectiveness of aqueous and viscous vehicles. 1, 4, [6] [7] [8] Similarly to previous reports, 1, 4, [6] [7] [8] this study evidenced that saline-and propylene glycol-containing pastes diffuse well through dentin, as can be seen in Tables 1, 2 and 4. Similar levels of ion diffusion in dentin were observed for both groups, at different experimental times, confirming the indication of these substances as vehicles for calcium hydroxide pastes. The effectiveness of saline and propylene glycol as vehicles for calcium hydroxide was used as a comparative reference in this study.
According to the present results, the calcium hydroxide-propolis paste also diffused through the dentinal tubules and reached the external root sur- The values marked with letters "a" and "c" are significantly different from those marked with "b" and "d". The values marked with letter "a" are significantly different from those marked with "b". The value marked with letter "a" is significantly different from that marked with "b". The values marked with letter "a" are significantly different from those marked with "b".
face. This may be observed in Figure 1 and Table  3 . The viscous consistency of propolis probably favored this level of diffusion. Moreover, the components of the propolis solution did not impair or prevent the dissociation of the calcium hydroxide. All of the pastes studied diffused through the dentinal tubules. After 168 hours, all of the pastes presented a similar ability to alkalize the external root surface (Table 4) .
Using propolis as a vehicle for calcium hydroxide may thus be suggested. Even though the diffusion ability of the propolis-containing paste was similar to that of the saline-and propylene glycol-containing pastes, propolis may be a better indication because it adds to the antimicrobial action of calcium hydroxide. [11] [12] [13] [14] Further studies are warranted to investigate the biocompatibility of this paste and confirm the use of propolis without alcohol as a vehicle for calcium hydroxide.
Conclusion
The non-alcoholic calcium hydroxide-propolis paste tested in this study was able to diffuse through dentinal tubules. After 168 hours, all of the experimental pastes presented similar diffusion in dentin.
